Despite the undeniable success of the Standard Model of particle physics (SM) there are some phenomena (neutrino oscillations, baryon asymmetry of the Universe, dark matter, etc.) that SM cannot explain. These phenomena indicate that the SM has to be modified. Most likely there are new particles beyond the SM. There are many experiments to search for new physics that can be divided into two types: energy and intensity frontier. In experiments of the first type, one tries to directly produce and detect new heavy particles. In experiments of the second type, one tries to directly produce and detect new light particles that feebly interact with SM particles. Future intensity frontier SHiP experiment (Search for Hidden Particles) at the CERN SPS is discussed. Its advantages and technical characteristics are given.
Introduction
The Standard Model of particle physics (SM) [1] was created in the mid-1970s. It is one of the greatest successes of physics. It is experimentally tested with high precision for the processes of electroweak and strong interactions with the participation of elementary particles up to energy scale ∼100 GeV and for individual processes up to several TeV. It predicted a number of particles, last of them (Higgs boson) have been observed in 2012. However, the SM cannot explain several phenomena in particle physics, astrophysics and cosmology. Namely: the SM does not provide the dark matter candidate; the SM does not explain neutrino oscillations and the baryon asymmetry of the Universe; the SM cannot solve the strong CP problem in particle physics, the primordial perturbations problem and the horizon problem in cosmology, etc.
The presence of the problems in the SM indicates the incompleteness of the Standard Model and the existence of as yet "hidden" sectors with particles of new physics. Although it may seem surprising, some of the above-mentioned SM problems really can be solved with help either heavy or light new particles. Neutrino oscillation and the smallness of the active neutrino mass can be explained as with help of new particles with sub-eV mass as well as with help of heavy particles of the GUT scale, see, e.g., [2] . The same can be said about the baryon asymmetry of the Universe problem and dark matter problem: physics on the very different scales can be responsible for it, see, e.g., [3] . Can the new light particles exist in the SM extensions? The answer is positive. There are many theories beyond SM that have light particles in the spectrum (e.g., GUT, SUSY, theories with extra dimensions), see, e.g., [4] . Light particles in these theories can be, e.g., (pseudo)-Goldstone bosons that were produced as a result of spontaneously symmetry breaking of some not exact symmetry. Alternatively, particles can be massless at tree level but it can obtain light mass as a result of loops corrections.
CMS Exotica Physics
So, it can be two possible answers on the question "why do we not observe the particles of new physics?" At first, new particles can be very heavy (e.g. with mass M X 100 TeV), so it can not be directly produced at the present-day powerful accelerators like LHC. On the other hand, new particles can be light (with a mass bellow or of the order of the electroweak scale) and feebly interact with particles of the SM (otherwise we would have already seen them in the experiments). In this case, light new particles can be produced at many high-energy experiments but they were not still observed due to the despite rare events of their production and complexity of their detection.
Based on the above, there are two types of particle search experiments. The first of them is energy frontier experiments like LHC or Fermilab. In these experiments, one tries to directly produce and detect new heavy particles assuming that the coupling of new particles to the SM particles is not very small. New particles with a mass of several TeV are actively searched in such experiments, see Fig. 1 . Last decades a lot of attention was paid to the energy frontier experiments. The second of them is intensity frontier experiments. In these experiments, we try to search particles that feebly interact with the SM particles. So, in intensity frontier experiments we search for very rare events. For the successful production of the hidden particles (to compensate its feeble interaction), this experiment must have the largest possible luminosity. In this sense beam-dump experiments are good as intensity frontier experiments for the search of the GeV-scale hidden particles because their luminosities are several orders of magnitude larger than at colliders. Detection of hidden particles is possible only due to observing their decays into the SM particles. So, these experiments must be background free. Because of feeble interaction with the SM particles, one can expect its small decay width and long lifetime (here we suppose that hidden particle does not decay in non-SM channels or corresponding partial decay width very small). So the detector has to be placed as far as possible from the point of the hidden particle production.
Intensity frontier experiments have been paid much less attention in recent years. These experiments include PS 191 (early 1980s), CHARM (1980s), NuTeV (1990s), DONUT (late 1990s -early 2000). However, as it was shown in [5, 7] , the search for new physics in the region of the mas below the electroweak scale is not sufficiently investigated.
The difference between energy and intensity frontier experiments for search hidden particles can be schematically illustrated with the help of Fig. 2 .
In this paper we consider future intensity frontier SHiP (Search for Hidden Particles) beam-dump experiment in CERN Super Proton Synchrotron (SPS) accelerator. Its advantages and technical characteristics will be considered. The class of theories that can be tested on SHiP will be discussed.
Interaction of new particles with the SM particles. Portals
If we will focus on detecting new light particles, we have understood that these particles can originate from a big number of beyond SM theories that predict different parameters for it (mass of new particles and their coupling to the SM particles). In particular, such relatively light particles can be mediators due to interaction as with particles of the SM and very heavy particles of "hidden sectors". This light particles can be coupled to the Standard Model sectors either via renormalizable interactions with small dimensionless couplings ("portals") or by higher-dimensional operators suppressed by the dimensionful couplings Λ −n corresponding to a new energy scale of the hidden sector [5] .
Because of a limited number of possible types of the particle (scalar, pseudoscalar, vector, pseudovector, fermion) there is a limited number of possible effective Lagrangians of interaction such particles with the SM particles that satisfy conditions of Lorentz and gauge invariance.
Renormalizable portals can be classified into the following 3 types:
Vector portal: new particles are vector Abelian fields (A ′ µ ) with the field strength F ′ µν , that couple to the hypercharge field F µν Y of the SM as
where ǫ is a dimensionless coupling characterizing the mixing between new vector field with field of the Z-boson and the photon. Scalar portal: new particles are neutral singlet scalars, S i that couple to the Higgs field
where λ i are dimensionless couplings and g i are couplings with dimension of mass. Neutrino portal: new particles are neutral singlet fermions N I
where index α = e, µ, τ corresponds to the lepton flavors, L α is for the lepton doublet, F αI is for the new matrix of the Yukawa constants,H = iσ 2 H * . Non-renormalizable couplings of new particles to the SM operators are also possible. For example, pseudo-scalar axion-like particles A couple to SM as
where f = {quarks, leptons, neutrinos}, F µν is the electromagnetic field strength tensor, G b µν the field strength for the strong force, the dual field strength tensors are defined as Q µν = 1 2 ǫ µνρσ Q ρσ . Another important example is a Chern-Simons like gauge interaction [6] of new pseudovector X µ particle where the Λ Y , Λ SU (2) are new scales of the theory, C Y , C SU (2) are new dimensionless coupling constants, B µν , F µν -field strength tensors of the U Y (1) and SU W (2) gauge fields. After spontaneously symmetry breaking of the Higgs field this interaction is effectively reduced to the renormalizable interaction of form
So, from the experimental point of view, one has to test all of the above mentioned possible new interactions in the wide range of new particle masses and couplings.
SHiP experiment
SHiP experiment was first proposed in 2013 [8] . The technical proposal was presented in 2015 [9] . Theoretical background, main channels of production and decay of new particles, preliminary estimations for sensitivity region for different portals for the SHiP experiment were considered in 2016 [5] . Somewhat later, works of a clarifying and complementary nature were published also [10, 11, 12, 13] . Currently, SHiP collaboration [14] includes nearly 250 scientist from 53 institutions. The experiment will begin its work allegedly in the 2026 year [15] .
The main goal of the future SHiP beam-dump experiment in CERN SPS accelerator is to search new physics in the region of feebly interacting long-lived light particles including Heavy Neutral Leptons (HNL), vector, scalar, axion portals to the Hidden Sector, and light supersymmetric particles. The experiment provides great opportunities for the study of neutrino physics as well. Now, we describe the work of the SHiP experiment, see Fig. 3 . A beamline from the CERN SPS accelerator will transmit 400 GeV protons at the SHiP. The proton beam will strike in a Molybdenum and Tungsten fixed target at a center-of-mass energy E CM ≈ 27 GeV. Approximately 2 · 10 20 proton-target collisions are expected in 5 years of SHiP operation. The great number of light the SM particles and hadrons will be produced under such collisions. Hidden particles are expected to be predominantly produced in the decays of the hadrons.
The main concept of SHiP functioning is the following. Almost all the produced SM particle should be either absorbed or deflected in the magnetic field (muons). Remaining events with SM particles can be rejected using specially developed cuts. If hidden particles will decay into the SM particles inside the decay volume, the last will be detected. It will mean the existence of the hidden particles.
So, the target will be followed by a 5m long iron hadron absorber. It will absorb the hadrons and the electromagnetic radiation from the target, but decays of the mesons result in a large flux of muons and neutrinos. After the hadron stopper is located the system of shielding magnets (which extends over a length of ∼ 40m) to deflect muons away from the fiducial decay volume [10] .
Despite the aim to search long-living particles, the sensitive volume should be situated as close as possible to the proton target due to the relatively large transverse momentum of the hidden particles with respect to the beam axis. The minimum distance is determined by necessity for the system to absorb the electromagnetic radiation and hadrons producing from the proton-target collisions and to reduce the beam-induced muon flux.
The system of detectors of the SHiP consists of the two parts. Just after the hadron absorber and muon shield is located detector system for recoil signatures of hidden sector particle scattering and for neutrino physics. Neutrino detector has a mass of nearly 10 tons. Investigation of the neutrino physics is based on a hybrid detector similar to the detector of the OPERA Collaboration [16] . Besides the study of the neutrino physics this system allows us to detect and veto charged particles produced outside the main decay volume.
The second detector system consists of the fiducial decay volume that is contained in nearly 50 m long rectangular vacuum tank. In order to suppress the background from neutrinos interacting in the fiducial volume, it is maintained at a pressure of O(10 −3 ) bar. The decay volume is surrounded by background taggers to tag neutrino and muon inelastic scattering in the surrounding structures, which may produce long-lived neutral Standard Model particles whose decay can mimic signal events. The vacuum tank followed a large spectrometer with a rectangular acceptance of 5m in width and 10m in height and calorimeter. The system is constructed in such a way to detect as many final states as possible in order to be sensitive to a very wide range of models that can be tested. With the help of Tabl. 1 one can see what modification of the SM is tested depending on final states of the hidden particles decay.
It should be noted that SHiP experiment gives great opportunities for study of neutrino physics. In result of nearly 2 · 10 20 proton-target collisions it is expected production of N ντ = 5.7 · 10 15 ν τ and ντ neutrino, N νe = 5.7 · 10 18 electron neutrino, and N νµ = 3.7 · 10 17 muon neutrino. It is expected to detect nearly 10 4 τ -neutrino and at first detect anti τ -neutrino. It is very important because of until now only 14 τ -neutrino candidates by experiment DONUT in Fermilab and 10 τ -neutrino candidates by experiment OPERA in CERN. No event with anti τ -neutrino was still observed. 
Conclusions
There are some indisputable phenomena that point to the fact that SM has to be modified and complemented by a new particle (particles). We are sure that there is new physics, but we do not know where to search for it. There are many theoretical possibilities to modify the SM by a scalar, pseudoscalar, vector, pseudovector or fermion particles of new physics. These particles may be sufficiently heavy the electroweak scale and scale of the energy of the present colliders. But these particles may be light (with mass less then electroweak scale) and feebly interact with the SM particles. The main task now is to experimentally observe particles of new physics. Since the possibilities for increasing energy of the present colliders are limited by high costs and heavy new particles are difficult to produce, it seems reasonable to check another variant and try to find light particles of new physics in intensity frontier experiments.
The goal of the SHiP experiment is to search new physics in the region of feebly interacting long-lived light particles including HNL, vector, scalar, axion particles with mass ≤ 10 GeV. There are theoretical predictions for the sensitivity region of the SHiP experiment for each type of new physics particles (in the mass new particles and coupling constant coordinates). The experiment will provide great opportunities for the study of neutrino physics also.
Since the idea of searching new light feebly interacting particles is very tempting and promising there are other projects such as REDTOP at the PS beamlines, NA64++, NA62++, LDMX, AWAKE, KLEVER at the SPS beamlines, FASER, MATHUSLA, CODEX-b at the LHC. All these experiments are compared and summarized in [15] . It is possible that great discoveries in particle physics are right ahead.
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